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ABSTRACT 
     An innovative transport aircraft passenger seat concept for 
superior occupant protection, meeting all structural 
requirements used in typical seat designs was developed. This 
was accomplished with the use of new energy-absorbing 
structural members and precise control of seat deformation 
characteristics. Advanced dynamic finite element modeling 
technique was utilized to analyze the integrated design of the 
seat, occupants, restraints and energy absorbing elements.  
Results from certification tests on an existing seat design were 
used to validate the analytical model. Verification studies have 
shown good correlation between the analytical simulations and 
the test data. 
 
In addition, further improvements to occupant protection of this 
new aircraft seat design were accomplished by incorporating 
the seat back tilt mechanism coupled with the use of shoulder 
belt.  The seat back tilt mechanism utilizes similar energy-
absorption concept and provides additional energy absorption 
while being pulled forward by the shoulder belt. 
 
KEYWORDS 
     Crashworthiness, aircraft seat, finite element analysis, 
human injury, energy-absorbing device 
 
INTRODUCTION 
     Aircraft passenger seats can significantly contribute to the 
safety of the passengers during certain types of potentially 
survivable accidents. Based on the statistics for all transport 
aircraft accidents, 45 percent of those that involve serious 
injuries or fatalities are survivable [1].  
 
A crashworthy aircraft seat design possesses the ability to 
minimize the passenger injury through significant energy-
absorption when an accident occurs.  The load path and the 
load carrying parts of the aircraft seat, such as the structure, 
cushioning, trim moldings, and hardware play an important role 
in the energy absorbing mechanisms during a crash. 
Conventional seat designs often use structural aluminum 
members for the seat legs which can provide limited crash 
protection, but there still exists a potential for further injury 
reduction through incorporation of energy-absorbing 
components in the seat structure that has not been examined.  1
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The aluminum supporting legs, typically manufactured through 
castings, extrusions or forgings, can absorb some energy 
through bending and buckling, but are not necessarily 
optimized for energy absorption in the forward/longitudinal, 
and vertical directions. In addition, the back of the seat will 
undergo large rotation about the pivoting joint during a crash 
and can inflict injury on the occupant. This is due to the lack of 
a controlled, energy-absorbing seat back tilt mechanism. 
Further occupant protection can be achieved by coupling the 
new seat back tilt mechanism and shoulder belt with the new 
seat leg design.  This controlled, energy-absorbing forward tilt 
of the seat back can further mitigate head injuries of the 
passenger behind.  
 
The overall energy-absorbing performance of the complete 
system of occupant, seat and components, and restraints can be 
improved when all elements of this system are integrated and 
analyzed using advanced finite element methods. Injury 
analysis can also be incorporated for potential injury mitigation 
approaches.  This paper describes the innovative aircraft 
passenger seat design for superior occupant protection while 
meeting all structural requirements of the transport aircraft seat.  
This effort was accomplished with the creative use of new 
metal energy-absorbing structures and precise control of seat 
deformation characteristics.  
 
TECHNICAL APPROACH 
     The technical approach was to develop a finite element (FE) 
model of a “conventional” aircraft seat design for analysis.  The 
seat model was based on an existing design. The FE model 
(baseline) was simulated under the specified loading and 
boundary conditions.  The level of protection from the aircraft 
seat was evaluated through the loads and accelerations obtained 
at various positions of the dummy model.  The model was then 
modified to incorporate the newly designed energy absorbing 
devices on the seat structure.  The new model was simulated 
under the same loading conditions and the results were 
compared to the baseline model, to observe the effectiveness of 
the energy-absorbing devices.   
 
Advanced dynamic computer simulations were used in this 
research.  This was accomplished by utilizing the computer Copyright  2002 by ASME  
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Downlprogram LS-DYNA [2] developed by LSTC (Livermore, CA).  
LS-DYNA is an explicit Finite Element Analysis program, 
which can simulate the behavior of two- and three-dimensional 
structures under transient dynamic conditions and large 
deformations driven by the nonlinear elasto-plastic material 
properties. LS-DYNA also has an excellent capability of 
modeling human dummies and evaluating all the injuries. 
 
FINITE ELEMENT MODELING 
     A FE model of a triple-passenger aircraft seat was 
developed using HyperMesh [3] based on the computer-aided 
design (CAD) drawings provided by a leading aircraft seat 
manufacturer.  The material characteristics of various seat 
components, and the seat back tilt mechanism were 
implemented into the model.  Figure 2 shows the FE model of 
the  type A aircraft seat. 
 
 
Figure 2: Finite element model of aircraft seat 
 
A 50th percentile male dummy model was also developed using 
HyperMesh, based on the GEBOD Anthropomorphic Testing 
Dummies (ATD) database [4].  The dummy model is shown in 
Figure 3.  The dummy has a total weight of about 175 lb and 
uses 15 rigid ellipsoids interconnected through 14 joints to 
represent various parts of the human body.  The parts and joints 
were assigned with proper inertia and joint stiffness properties 
to simulate human response under various loading conditions. 
Figure 4 defines the orientation of the finite element model of 
the aircraft seat with three dummies. 
 
 
Figure 3: 50th percentile male dummy model 2
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Figure 4: Finite element model of the triple passanger seat 
design with the dummies 
 
SELECTION OF CRASH PULSES 
     The SAE AS8049 standards [5] are used in the certification 
tests for various types of aircraft seats. SAE defines certain 
minimum performance standards for each type of aircraft to 
ensure proper occupant protection under normal operational 
loads and dynamic impact conditions described in the Code of 
Federal Regulations (CFR) [6].  These standards are based on 
the studies of occupant response in the crash environment and 
injury criteria established by SAE, National Highway Traffic 
Safety Administration (NHTSA) and the Federal Aviation 
Administration (FAA).  
 
Type-A transport aircraft seat was analyzed in this study 
because of its availability for test validation. There are two test 
conditions for type-A aircraft seat. Test condition 1 is 
conducted with an inverse 16-g crash pulse over 0.18 seconds 
in the longitudinal direction with a 10-degree yaw.  Test 
condition 2 is conducted with an inverse14-g crash pulse over 
0.16 seconds with a 30-degree tilt from the vertical direction.  
The test conditions are shown in Figure 1.  
 
 
Figure 1: Specified crash pulses for type A aircraft seats 
 
Copyright  2002 by ASME  
: http://www.asme.org/about-asme/terms-of-use
DownloSELECTION OF INJURY CRITERIA 
     The use of injury criteria for evaluation of the survivability 
of a human occupant during crashes has been widely accepted 
in the automobile industry [7].  It is a good measure for the 
effectiveness of the crashworthiness design of the vehicle/seat 
structure.  NHTSA has published various injury criteria for the 
automobile industry. The most recent injury criteria described 
in NHTSA’s Federal Motor Vehicle Safety Standard (FMVSS) 
No. 208 by Kleinberger et al. [8] was used for the current study 
of crashworthiness of the aircraft seat.  Typical injuries that can 
occur during a collision are head and chest injuries due to 
acceleration, neck, spinal and femur injuries.  Threshold limits 
to the occupant injury criteria used in our studies are listed in 
Table 2.  
 
Table 2: Injury Criteria for 50th Percentile Male 
Human 
Part Injury Type 
Threshold 
Limit 
Head Acceleration (HIC) 1000 
Chest Acceleration (G’s) 60 
Neck Flexion Moment (in-lb) 3600 
Neck Extension Moment (in-lb) 1100 
Neck Tension/Compression Load (lb) 800 
Spinal 
Column Tension/Compression Load (lb) 1500 
Femur Tension/Compression Load (lb) 2250 
 
Head injury is evaluated based on Head injury criteria (HIC).  It 
is essentially an index of the head acceleration and is calculated 
























ttHIC ττ   (1) 
 
where t1, t2 are two points in time during the head impact in 
seconds, and a(τ) is the resultant head acceleration during the 
head impact in multiples of g's. Approximately 15 percent of 
the populations is expected to experience life-threatening brain 
injury due to frontal head impacts with a HIC value of 1000 [9], 
and it becomes the acceptable limit for the 50th percentile male 
occupant.  The injured population percentage increases 
exponentially as the HIC value increases, and 90 percent of the 
populations is expected to experience significant head injury 
when the HIC value is increased to 2000. 
 
VALIDATION OF FINITE ELEMENT MODEL 
     The FE model of the aircraft seat was validated under test 
condition 1. The test conditions and the test data were provided 
by the seat manufacturer.  Figure 5 shows the schematics of the 
test. Boundary conditions included gravity and anchor 
constraints. The number of dummies was specified to be two in 
the test, sitting at the left and center seats.  The right and left 
seat legs were twisted 10 degrees about the pitch and roll axes, 
respectively, to represent deformed aircraft floor. 
 
3
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Figure 5: Boundary and loading conditions for test condition 1 
 
The simulation was carried out using LS-DYNA. Figure 6 
shows the kinematics of the seat and the dummies during the 
crash pulse. The reaction loads at the seat fixture (anchors) 
were compared to the test data for validation. 
 
 
Figure 6: Kinematics of the seat and the dummies under test 
condition 1 
 
The anchor loads determined from the analysis are plotted 
against the test data as shown in Figure 7.  The analytical 
results of the anchor loads were very close to the test results for 
all of the four anchors, both in their trends and peak values. The 
left and right anchor loads were different because of the 
imbalance of dummy weights from the seating arrangement. 
The maximum tension load recorded was 6000 lb in the left 
front anchor, and the maximum compression load recorded was 
about 8000 lb in the left rear anchor.  The FE model is therefore 



























FEA - Front Left
FEA - Front Right
FEA - Rear Left
FEA - Rear Right
Test - Front Left
Test - Front Right
Test - Rear Left
Test - Rear Right
 
Figure 7: Anchor loads under test condition 1 with 2 dummies  
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SEAT WITH THREE DUMMIES 
     The FE model was validated with two dummies seated.  It is 
important to examine the structural integrity of the seat when 
its full seating (loading) capacity is reached with three dummies 
seated.  The anchor loads are expected to increase by adding an 
extra dummy to the seat.  In addition, the deformed floor 
condition was not considered to minimize the number of 
variables for future comparison with the new seat design, thus 
no pitch and roll was imposed to the seat legs.   
 
Test condition 1 was simulated again with three dummies to 
observe the leg deformation under the maximum seating 
capacity. The kinematics of the seat and dummies were similar 
to the previous simulation, as shown in Figure 9.  The anchor 
loads are plotted in Figure 10. 
 
 

































Figure 10: Anchor loads under test condition 1 with 3 dummies 
 
In the previous analysis with two dummies, the anchor loads on 
the right leg were only at 3000-lb level.  With the new dummy 
added to the right-most seat, the peak anchor loads on the right 
leg increased to 7000 lb.  There is still an imbalance on the load 
distribution because the seat legs are not symmetrically 
connected to the seat frame in the design.  However, the anchor 
loads are more evenly distributed due to the balanced seating 
arrangement. As a result, the peak anchor loads on the left leg 
was 9000 lb, relatively close to the previous load level with 2 
dummies.   
 
The injury values from the simulation are tabulated in Table 4. 
They were evaluated from the accelerometer results and the 4 
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value was 2250, suggesting that the dummy would experience 
significant head injury during the crash.  The maximum chest 
acceleration was 25 g’s, which is below the injury threshold 
limit of 60 g’s.  The maximum neck moment was positive 1900 
in-lb, indicating flexion (forward bending), which is below the 
injury threshold limit of 3600 in-lb.  The maximum neck load 
was 400 lb in tension, which is also below the injury threshold 
limit of 800 lb.  Therefore the neck is safe from flexion and 
tension injury.  The spinal load reached a maximum value of 
1650 lb, which is above the threshold limit of 1500 lb, and thus 
spinal column injury can occur.  Lastly, the maximum femur 
load was 390 lb, which is low compared to the injury threshold 
limit of 2250 lb.  In summary, the passenger in the existing seat 
design would experience significant head injury and spinal 
column injury under test condition 1.   
 
Table 4: Summary of the injury results from test condition 1 
Injury Units Test Condition 1 with 3 dummies 
Head Acceleration HIC 2250 
Chest Acceleration G’s 25 
Neck Moment in-lb 1900 
Neck Load lb 400 
Spinal Load lb 1650 
Femur load lb 390 
 
In addition, the stress distribution on the seat legs was also 
examined.  Figure 11 shows the von Mises stress distribution 
on the aluminum seat legs.  The maximum stress was 38000 
psi, which exceeded the yield stress (35000 psi) of the material.  
Therefore the structure would yield and may fail, creating 
potential hazards to the passengers due to collapse of the seat. 
 
 
Figure 11: von Mises stress contour of the aluminum seat legs 
during the crash under test condition 1 
 
NEW SEAT DESIGN USING ENERGY ABSORBING 
MECHANISMS 
     To improve the crashworthiness of the aircraft seat, an 
innovative seat leg design was developed based on two primary 
deformation modes and their combination.  The modes are 
shown in Figure 12.  The first one involves the seat primarily 
deforming longitudinally without any pitch movement, and the 
second energy-absorbing mode involves primarily a forward 
tilt/pitch change.  The third one is a combination of the two Copyright  2002 by ASME 
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Downmodes with some controlled longitudinal forward deformation 
with forward pitch change.  This can be accomplished through 




Figure 12: The two primary energy-absorbing modes and their 
combined mode 
 
The original seat legs were replaced by rigid members and 
deformable beams in the FE model.  The connections of the 
seat leg members and the anchors are modeled as rotary joints, 
as shown in Figure 13.  The deformable beams were assigned 
with crushable characteristics, representing the energy 
absorbing devices.  
 
 
Figure 13: New seat model with energy absorbing seat legs 
 
USE OF HONEYCOMB STRUCTURE FOR ENERGY 
ABSORPTION 
     Most of the current aircraft seat structure designs use rigid 
aluminum tubular beams or I-beams for the seat legs. The 
rigidity of the legs can be controlled with the use of honeycomb 
structure. The honeycomb core can be made of aluminum or 
other suitable metals.  A thin walled tubular cylinder with 
internal crushable honeycomb is suitable for the energy 
absorbing system.  Typical honeycomb structure has an elastic 
region prior to the major crushing action.  Once the critical load 
is reached, the structure will undergo crushing due to internal 
buckling of the honeycomb core, and will stop when the 
honeycomb bottoms-out. The structure will then have a high 
stiffness afterwards.  Figure 14 shows the typical force-
deflection characteristics of the honeycomb structure. 
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Figure 14: Typical force-deflection characteristics of 
honeycomb structure 
 
Another consideration for the design is the overall weight of the 
aircraft seat structure. The total weight of the new leg design 
after implementing the two energy absorbing elements was kept 
the same as the original design.   
 
The analysis of the existing seat performance revealed that the 
anchor load ranged from 4000 to 8000 lb, depending on the 
seating arrangement.  This load will be used as the starting 
point for the honeycomb sizing.  The relationship among the 
density of the honeycomb, the core diameter, and the original 
height of the crushable unit to the crush load was obtained from 
the manufacturer (Hexcel Corporation, Pleasanton, CA). With 
typical core density about 15 lb/ft3 and the corresponding crush 
strength of 1500 psi, the core diameter was calculated to be 2.6 
in for a crush load of 8000 lb.  It is physically feasible for the 
new seat leg design.  Depending on the design, the honeycomb 
structure can be incorporated for absorbing energy during 
compression or extension of the component.  Figure 15 shows 
the two energy absorbing element designs for the two different 
purposes; the left one will absorb energy during crushing and 




Figure 15: Tension/compression energy absorbers 
 
The other two main parameters of the honeycomb structure 
were the crush loads and collapse distances. The force-Copyright  2002 by ASME 
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Dowdeflection characteristics of the front and diagonal members are 
shown in Figure 16.  The crush load of the front leg is 5000 lb, 
and can crush up to 3 in to avoid excessive pitching of the seat.  
The honeycomb in the diagonal member has a crush load of 
3000 lb, and is designed to crush up to 1.5 in to avoid excessive 
forward movement of the seat.   
 
 
Figure 16: Honeycomb crush load and distance used for the 
energy absorbing devices 
 
NEW SEAT WITH ENERGY-ABSORBING DEVICES 
     The modified aircraft seat model was simulated under test 
condition 1.  Three dummies were placed in the seat and the 
deformed floor condition was not considered and thus no pitch 
and roll was applied to the new seat legs. Figure 17 shows the 
kinematics of the seat and the dummies during the crash. 
 
Figure 17: Kinematics of the new seat under test condition 1 
 
The analytical results showed that both of the front legs have 
compressed and the diagonal members have elongated.  The 
kinematics of the dummies was similar to the original seat 
model.  The anchor loads of the front legs were leveled to the 
design compression load limit of 5000 lb, as shown in Figure 
18.  All of the anchor loads were below 9000 lb and thus the 
aircraft seat is safe from track derailment. 
 
The injury results with the two seat leg designs are tabulated in 
Table 5. The injury parameters were reduced as a result of 
applying the energy absorbing mechanism. 
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Figure 18: Anchor loads of the new seat design under test 
condition 1 with 3 dummies 
 





New Seat Leg 
Design 
Head 
Acceleration HIC 2250 1650 
Chest 
Acceleration G’s 25 21 
Neck Moment in-lb 1900 1900 
Neck Load lb 400 350 
Spinal Load lb 1650 1620 
Femur load lb 390 230 
 
NEW ENERGY-ABSORBING SEAT BACK TILT 
MECHANISM  
     Conventional aircraft seats use relatively stiff seat back 
rotary joint to prevent the seat back from large rotation, but if 
excessive moment is applied to the seat back during a frontal 
crash, the seat back pivoting joint may break and collapse.  It 
can potentially harm the person in the seat.  Occupant 
protection from excessive seat back rotation can be achieved by 
incorporating the honeycomb structures as seat back tilt 
mechanism. Not only additional energy can be dissipated 
during the seat back rotation; excessive deformation can also be 
limited once the honeycomb structures bottom-out.  
 
Figure 19 shows a typical moment-rotation curve of such 
device.  The first two moment-rotation regions allow 
“controlled rotation” of the seat back, unlike the conventional 
seat design where large rotation is not intended and cannot be 
controlled once the seat back collapses.  The first elastic region 
provides room for day-to-day use load and will leave no 
permanent deformation.  The second region allows most of the 
energy to be absorbed through the rotation of the seat back 
during the crash.  The third region will limit the excessive 
forward rotation of the seat back to protect the restraint 





Figure 19: Moment-rotation characteristics of the new seat back 
pitch mechanism 
 
Shoulder belts can be used with the new seat back tilt 
mechanism.  They have been widely used in the automobile 
industry, but are not common in the aircraft industry because 
excessive anchor loads can be generated due to an upward shift 
in the CG of the dummy during crash.  While the typical 
distance between two rows of aircraft seats is limited and as a 
result the seat anchors can only sustain a certain level of 
reaction load from the crash pulse. However, with the new 
crushable front legs and diagonal members, the anchor load 
will remain on the design crush load during the crushing action, 
and thus eliminating the concern of breaking the seat anchors 
due to excessive reaction loads.   
 
NEW SEAT WITH SHOULDER BELT AND SEAT BACK 
TILT MECHANISM 
     The seat back tilt mechanism and shoulder belts were 
implemented into the FE aircraft seat model as shown in Figure 
20. The seat back tilt mechanism was modeled as a rotary joint 
between the seat frame and the seat back with assigned joint 
stiffness characteristics.  It allows normal operational moment 
applied to the seat back up to 5 degrees.  Thereafter the energy 
absorbing mechanism is activated and the seat back will 
continue to tilt forward up to 30 degrees, and the joint will 
become stiff from further forward tilt/rotation of the seat back.  
This coupled mechanism was simulated under test condition 1. 
Figure 21 shows the kinematics of the seat and the dummies 
during the crash. 
 
The results showed that the seat back and the shoulder belt 
restrict the forward motion of the dummy, and absorb more 
energy throughout the crash pulse.  The results also showed that 
the anchor loads of the front legs were leveled to the design 
compression load limit of 5000 lb, and increased once the 
honeycomb structure bottomed-out during the crash, as shown 
in Figure 22.  Despite the fact that the use of a shoulder belt 
generated additional moment and increased the anchor load 
after the honeycomb structures have bottomed-out, the seat 
anchor loads still remained at a sustainable level of 8000 lb 
with the use of crushable seat leg elements.  Therefore the new 
aircraft seat with shoulder belt and seat back tilt mechanism is 
safe from track failure due to excessive anchor loads. 7
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Figure 20: Aircraft seat model with seat back tilt mechanism 
and shoulder belt 
 
 
Figure 21: Kinematics of the new seat with shoulder belt and 
































Figure 22: Anchor loads of the new seat with shoulder belt and 
new seat back pitch mechanism 
 
The injury results with the various designs are tabulated in 
Table 6. The injury level was further reduced after applying the 
shoulder belt and new seat back tilt mechanism. Copyright  2002 by ASME  
: http://www.asme.org/about-asme/terms-of-use
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Table 6: Summary of injury results for various seat 















Acceleration HIC 2250 1650 950 
Chest 
Acceleration G’s 25 21 20 
Neck 
Moment in-lb 1900 1900 1200 
Neck Load lb 400 350 100 
Spinal Load lb 1650 1620 1000 
Femur load lb 390 230 300 
 
DESIGN CONSIDERATIONS FOR FRONT ROW 
IMPACT 
     In addition to reduction of injury, the new seat legs design 
and the new seat back tilt mechanism coupled with the shoulder 
belt can also prevent the occupant from impacting the seat back 
of the front row. To illustrate this additional benefit for using 
the newly designed energy-absorbing mechanism, the aircraft 
environment (front row seats) was also simulated using the 
existing seat design. Two rows of seats distanced 31 in. apart 
(seat pitch for economy class) was simulated with an occupant 
seated in the rear row with the lap belt restraint only.  The crash 
pulse in test condition 1 was applied to the seats and Figure 23 
shows the kinematics of the seat and the dummies during the 
crash. 
Figure 23: Kinematics of the original seat and dummy during 
crash in test condition 1 
 
Despite the use of lap belt, the results show that the dummy 
head and lower legs would impact the back of the front seat. 
The direct head impact to the seat back can be avoided with the 
new seat design system, since the shoulder belt and new seat 
pitch mechanism limit the forward motion of the dummy, while 
rotating the seat back forward, thus prevent him from impacting 
the front row.  Figure 24 shows the kinematics of the scenario. 
 
Figure 24: Kinematics of the new seat system and dummy 
during crash in test condition 1 
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To ensure applicability of our approach to a range of possible 
scenarios, other situation such as having an unbelted occupant 
crashing into the front row was also examined.  Shown in 
Figure 25 is the kinematics of an unbelted occupant in the back 
row, striking into the front row during the crash pulse in test 
condition 1.   
 
 
Figure 25: Kinematics of an unbelted occupant crashing into 
the front seat during crash in test condition 1 
 
While it is clear that the rear unbelted passenger would suffer 
from severe head injury due to the impact, it is important to 
ensure that the front passenger is safe from excessive seat back 
tilt due to the sudden rear impact.  It is noted that the front seat 
back did not harm the front passenger by over-tilting, since the 
rotation of the seat back was restricted by the stiffness 
characteristics of the joint.  The anchor loads of the front seat 
































Figure 26: Anchor loads of new seat design under impact from 
an unbelted rear passenger 
 
The results show that the HIC is slightly increased to a 
maximum value of 1000.  The anchor loads show that the 
honeycomb structure bottomed-out and additional load was 
distributed to the front legs.  Due to the impact by the rear 
passenger, the reaction load of the front legs increased from 
8000 lb to 9500 lb.  Further design enhancements maybe 
needed to reduce the excessive anchor loads to prevent the 
anchors from failure.  
 
 
SUMMARY AND CONCLUSIONS 
     For test condition 1 (longitudinal crash pulse), the 
simulation results were in very good agreement with the actual 
structural test data.   
 
The aircraft seat was evaluated for occupant protection 
performance with the new seat leg design.  In the case of test Copyright  2002 by ASME  
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Downcondition 1 with three dummies, the results showed that the 
occupant injury results were significantly reduced.  The 
maximum HIC value was reduced from 2250 to 1650, a 25% 
decrease.  The spinal load was only slightly decreased from 
1650 lb to 1620 lb, which can still result in spinal injury. In 
addition, the anchor reaction loads were within the sustainable 
limit of 9000 lb, thus the seat is safe from anchor failure. 
 
The new aircraft seat design can further improve the occupant 
protection performance by incorporating the new seat back tilt 
mechanism coupled with the use of shoulder belt.  The seat 
back tilt mechanism can utilize a similar energy-absorption 
concept and provide additional energy absorption while being 
rotated forward by the shoulder belt.  The energy absorption 
characteristics were implemented into the seat back pivoting 
joint.  The coupled mechanism was simulated using test 
condition 1 to illustrate the concept.  Our results showed that 
the HIC was further reduced from 1650 to 950, another 42% 
reduction.  The spinal load was reduced from 1620 lb to 1000 
lb, which is below the threshold limit of 1500 lb.  In addition, 
other injury results, such as the neck moment and neck load, 
also showed a significant decrease.  Thus, the occupant is safe 
from various injuries in the new aircraft seat design.  The 
anchor reaction loads were below 9000 lb despite the additional 
moments caused by the shoulder belt.  Therefore the anchors 
will not fail under these loads. 
 
Another design consideration is the environment of the aircraft 
seat.  Our results showed the occupant, in the existing seat 
design with only lap belt restraint, would suffer a fatal head 
injury from impacting the back of the front row seat.  With our 
new seat leg design and the new seat back tilt mechanism, 
coupled with the shoulder belt, the aircraft seat can prevent the 
occupant from impacting the back of the front row seat.  This 
result is an additional protective feature. 
 
In the extreme case, where an unbelted rear passenger impacts 
the seat back from behind during a frontal crash, our results 
showed that the controlled seat back tilt mechanism would limit 
the seat back from further forward rotation, thus preventing the 
front passenger from injury.  The anchor loads were observed 
to increase as a result of additional impact load.  This effect 
was further investigated with the seat back of the front row seat 
tilted back from the normal position before the crash pulse.  
The results showed that the anchor reaction loads did not 
increase significantly due to an increase in moment arm. 
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